This paper examines the influence of the real price of beer on violence-related injuries across the economic regions in England and Wales. The data are monthly frequency of violent-injury collected from a stratified sample of 58 National Health Service Emergency Departments 1995-2000. An econometric model based on economic, socio-demographic and environmental factors was estimated using panel techniques. We show that the rate of violence-related injury is negatively related to the real price beer, as well as economic, sporting and socio-demographic factors. The principal conclusion of the paper is that the regional distribution of the incidence of violent injury is related to the regional distribution of the price of beer. The major policy conclusion is that increased alcohol prices would result in substantially fewer violent injuries and reduced demand on trauma services.
Introduction
The association between alcohol consumption and violent behaviour is well documented and usually requires little elaboration. The association between the price of alcoholic drink and violence is less well known and does require some elaboration.
Markowitz and others have extensively studied the link between the price of alcohol and violence for the USA 1 . While Markowitz (2000b) has examined the relationship between alcohol price and violence on an international basis using aggregate nationwide data, to our knowledge there have been no studies of this type specifically for England and Wales. This paper aims to fill this gap and at the same time highlight an alternative source of data on violence.
Crime Survey and police statistics are the standard sources for data on crime and victimisation. However, these data under-represent violent crime -notably stranger and domestic violence 2 . Many offences are not reported to the police because for example, of fear of reprisals, because the identity of the assailant is not known and because there is reluctance on the part of the victim to have their own conduct scrutinised. With regard to crime surveys such as the National Crime Victimisation Survey (NCVS) in the US and the British Crime Survey (BCS), reporting depends on the perception that a crime has been committed, and on the respondents recall.
An alternative source of data is the recording of violent injury by the Emergency Departments (EDs) of regional hospitals. Importantly, these provide a measure of harm and are available at a community level -unlike national crime survey data. Data matching studies have found that police -recording of violence resulting in ED treatment varies with victim age, gender and violence location and cannot be predicted with any precision on the basis of injury severity 3 . Monthly data on violent injuries from EDs in England and Wales were obtained for the purposes of this study but do not have the same detail and richness of the Home Office data.
However, the availability of relatively high frequency data allows the analysis of 1 Markowitz (2000a Markowitz ( 2000b Markowitz ( , 2000c Markowitz ( , 2000d , Grossman (1998, 2000) , Cook and Moore (1993) . 2 The 1996 British Crime Survey included a computerised self-completion questionnaire designed to guarantee anonymity and measure the extent of domestic violence (Mirlees-Black 1999) . For further evidence see also Shepherd and Lisles (1998) 3 Shepherd et. al. (1989b) , Sutherland et. al (2002) . Similarly Kellerman et. al (2001) show that 13% of firearm injury cases did not appear in police record in Atlanta 1996 Atlanta -1998 violence-related injuries as an alternative measure of violent crime that incorporates, trend, seasonal and other systematic factors 4 . In addition to the well-established association between alcohol consumption and violence, a number of studies have reported a negative relationship between alcohol consumption and the price of alcoholic drinks (for a survey of recent studies see Blake and Nied, 1997) .
The purpose of this paper is to utilise ED data on violent-crime and develop an econometric model that explains violence-related injury across regions in England and
Wales in terms of the real price of alcoholic beverages. The model will also examine the influence of regional socio-economic, demographic and environmental factors in explaining the trend in violence-related injury. The paper is organised in the following way. The next section examines the data on violence-related injuries and compares them with the Home Office data. Section 3 reviews the literature on alcohol and violence. Section 4 describes the structural econometric model that links violence to the price of alcoholic drink and discusses the empirical results. Section 5 concludes.
Violence Statistics
The National Health Service (NHS) 4 For a description and discussion of this new series see Sivarajasingham et. al. (2003) 5 All 58 EDs were registered under the Data Protection Act and access to A&E computer systems was restricted to a limited number of departmental staff. Patient confidentiality was maintained at all times. (Shepherd 1990 ).
Meta-analysis of 30 experimental studies of links between alcohol and human aggression utilising both quantitative and qualitative techniques concluded that alcohol does cause aggression although alcohol effects are moderated by methodological parameters (Bushman and Cooper 1990) . For alcohol versus control comparisons, effect sizes were smaller when the experimenter was blind to conditions and were larger when an aggressive response was required than when a nonaggressive alternative was available. For alcohol versus placebo comparisons, effects were smaller for blind studies and larger for studies in which the confederate was free to retaliate against the subject. It was also concluded that it was possible that drinking habits moderate alcohol effects. Taking up this theme, in the context of links between assault injury and alcohol consumption, a recent innovative case crossover study utilised usual alcohol consumption during the last 12 months as a control value (Borges et al 2004) . In this study, the estimated relative risk of injury in the hour after alcohol consumption, as compared with no alcohol consumption during that time was 4.33 (CI, ). Violence-related injuries were associated with higher relative risk, which also varied depending on the presence of alcohol dependence and usual frequency of drunkenness: those with alcohol dependence and high frequency of usual drunkenness had lower risks than those without alcohol dependence and with lower self reported episodes of drunkenness in the last year. Similar findings resulted from analyses of blood alcohol content on ED admission. It was concluded that each episode of alcohol consumption results in an increase in short term risk of injury, especially violence-related injury. Patients with the lowest usual involvement with alcohol were subject to a higher elevation in their risk immediately after alcohol consumption compared to those who drank more heavily.
The acute effects of alcohol on aggression are moderated by individual differences and contextual factors (Giancola et al 2003) . Alcohol plays an important role in the intergenerational transmission of family violence (Giancola et al 2003. Violence typology has prompted research on problem drinking in the context of intimate partner violence (IPV) perpetration and victimisation. With control, problem drinking has been found significantly to predict violence perpetration and violence victimisation for both men and women (White and Chen 2002) . Partner drinking was not however related to perpetration or victimisation for men whereas for women partner drinking was strongly related to perpetration and victimisation and fully mediated the effects of problem drinking on perpetration but did not mediate these effects on violence victimisation. It was concluded that the relationship between problem drinking and IPV was not spurious for men or women and that heavier drinking by partners put women at greater risk for perpetration and victimisation and mediated the effects of their own problem drinking on perpetration (White and Chen 2002) . Consistent with this, a longitudinal study from the Pittsburgh Youth Study concluded that offences committed under the influence of alcohol were more prevalent among heavier alcohol users, more serious offenders, more impulsive youth, and youth with more deviant peers (White et. al. 2002) . The same study concluded that there were no significant interaction effects of alcohol and drug use with impulsivity or deviant peers in predicting whether illegal acts were committed under the influence.
Another major longitudinal study, the Seattle Social Development Project (Hill et al 2000) , provides evidence of four distinct trajectories of binge drinking during adolescence: early heavy binge drinking, increasing binge drinking, late onset binge drinking and non-binge drinking. Importantly, these different trajectories significantly predicted positive and negative outcomes in adulthood after controlling for demographic characteristics, early proxy-measures of the outcome and adolescent drug use. With regard to beverage type, longitudinal inter-relationships between specific beverages, physical symptoms and psychological distress have confirmed that the physical impairment -which is in large part responsible between increase risk of victimisation in violence (Shepherd 1998 ) -operates similarly for beer, wine and spirits, for males and females and for adolescence of all ages (Hansell et al 1999) .
Linkages between patterns of alcohol misuse and crime have been studied in the New Zealand Birth Cohort Study, taking into account confounding factors through the use of fixed effects regression methodology (Fergusson and Horwood 2000) .
Increasing alcohol abuse was associated with highly significant increases in rates of violent crime. Although control for observed and non-observed confounding through the use of fixed effects regression models indicated that much of this association was attributable to the effects of confounding factors associated with both alcohol misuse and crime, alcohol abuse remained significantly related to violent offending. Markowitz (2000a) provides a recent survey of the implications of alcohol consumption and violent crime. Her paper also provides the reasoning for the association between alcohol consumption and violent crime in terms of a utility maximising framework. Alcohol consumption is commonly linked with spousal abuse (Gelles and Cornell, 1990, and Leonard 1993) and alcohol use and violence is strongly correlated (Kantor and Strauss, 1987) . There are three favoured explanations as to why alcohol and violence is linked.
(1) There exists a psychopharmacological relationship in which alcohol can alter behaviour by increasing excitability and/or boosting courage (Pernanen, 1981 and Fagan 1993) . People are more likely to commit acts of violence when under the influence of alcohol than otherwise.
(2) People use alcohol as an excuse for aberrant behaviour. Loss of inhibition and release of violent tendencies. Drunkenness gives people an excuse for violence (Fagan, 1990 and Gelles and Cornell, 1990) (3) There are unknown common factors that result in both drinking and violent behaviour (Fagan, 1990) , including personality variables, such as impulsivity and high risk taking.
But there is no consensus as to the link (see Reiss and Roth, 1993) . Markowitz Alcohol consumption relates to offending behaviour and only indirectly to injury through the behaviour of the offender to the victim. Studies that draw a link between alcohol consumption, drug abuse and violence are legion (for a recent survey see Ragghianti, 1994) . However numerous studies find the presence of alcohol in the victim as well (Collins, 1982; and Gerson, 1978) . It can then be argued that a high intensity of alcohol consumption increases the risk of victimisation. In the sense of Markowitz (2000a) , the intensity of alcohol consumption by the individual may be 10 A more complicated model allows for the effect of alcohol consumption on the expected cost of violence. In the case of spousal abuse alcohol consumption is used as an excuse for non-reporting and reduced expected penalty.
chosen without regard to violence on utility, but the objective probability of encountering violence increases.
While the evidence in the epidemiological and criminological literature for a causative link between alcohol consumption and violence remains questionable, some evidence of a causal link can be gleaned from the economics literature. Several studies from the economics literature have found a negative relationship between alcohol consumption and alcohol prices. Using the National Family Violence Survey in the USA, Grossman (1998, 2000) studied the effects of state excise beer taxes on child abuse. Markowitz (2000a Markowitz ( , 2000c examined the effect of the price of alcohol on spousal abuse and physical assault by teenagers. In another study Markowitz (2000d) , using aggregate international data, relates violence rates to alcohol prices. Cook and Moore (1993) conducted a time series analysis of the effects of alcohol prices on crime rates in the USA. In these studies the causation runs from the price of alcohol to alcohol consumption and from alcohol consumption to acts of violence resulting in violent injury.
Estimation Methodology
In the following section we outline a theoretical framework for the econometric model where V nt is the violence rate in region n at time t. A nt is consumption of alcoholic drinks in region n at time t. X nt is a vector of regional social and economic characteristics that correspond to the observed individual characteristics of both victim and perpetrator and. u nt is a stochastic component. The violence production function is augmented by a demand for alcoholic drink, which allows for the possibility of violence being a determinant and therefore two-way causation.
( )
Here P nt is the real price of alcoholic drink in region n at time t, Y nt is a measure of real income in region n at time t, Z nt is a vector of other factors relating to the demand for alcohol and ε nt is a stochastic term that captures unobserved characteristics. Equation (1) can be thought of as a violence production function. The vector of variables that are contained in X include influences typically associated with violence such as measures of poverty, income inequality, ethnicity and economic and social deprivation. Equation (2) is an aggregate demand for alcohol. The principal determinants are the price of alcohol, real income and variables associated with alcohol consumption such as, sporting events, and seasonal measures. Equations (1) and (2) describe a simultaneous system that can potentially be estimated by two-stageleast squares. However, we do not observe the consumption of alcoholic drink by region 11 . but substituting equation (2) into (1) a reduced form model described by (3) is obtained which shows the direct effect of changes in the price of alcohol on the incidence of violent injury.
Where ∂f/∂P nt < 0, ∂f/∂Y nt > 0, Ω nt is a vector of other influences {X nt , Z nt } and ξ nt is a composite error term. Equation (3) states that the price of alcohol has a negative influence on violent injury. A negative coefficient on the price of alcohol means that alcohol consumption causes violence, even if alcohol consumption is an endogenous variable and there is no obvious reason to believe that the price of alcohol is a determinant of violent injury. The direction of causation goes from alcohol prices to consumption of alcoholic drinks and from consumption of alcoholic drinks to violence. In this study, the dependent variable is the total monthly violent injury data weighted for unequal coverage across regions and expressed as a percentage of the regional population. In addition, seasonal dummies with Summer being the reference season were used to capture any seasonal pattern in the data.
( ) Table 3 presents some selected results using the real price of beer as a proxy for the price of alcohol. We present both fixed effects and random effects estimates 12 ..
The other independent variables used in the model include, the monthly regional youth unemployment rate, which acts as a proxy for youth real income, regional ethnic density, which is also positively correlated with other measures of economic deprivation, a dummy variable to capture major sporting events 13 , and seasonal dummies. We use the monthly regional data on house prices as a proxy measure of regional wealth, which we suggest is inversely related to measures of poverty 14 . An appendix discusses the data in detail. show a strong negative relationship between the real price of beer and violent injury.
11 Data on household nominal expenditure on alcoholic drink by region is available from the Family Expenditure Survey. 12 The data rejected the pooled specification against the fixed-effects specification on a F(9,582) = 636.2. 13 June 1996 Euro Cup, Oct-Nov 1999 World Rugby Cup = 1, zero otherwise 14 Other criminological and socio-economic variables were experimented with but were rejected on grounds of statistical insignificance and multicollinearity. Variables included rate of police case clearance, proportion of police per regional population, income inequality, proportion of single parent Second, there is a negative relationship between real house prices and violence-related injury. The higher are real house prices in a region, we hypothesise, the lower is poverty and the lower is violence-related injury. Third, there is a strong negative relationship between youth unemployment and violence related injury. The higher is unemployment, the lower is youth disposable income, and the lower the consumption of alcohol and consequently the lower the incidence of violent injury. Fourth, ethnic density is positively related to violence related injury. Fifth, there is a strong seasonal pattern to violence related injuries with a significant reduction in violent-related injuries in the spring, autumn and winter months relative to summer and finally violent injury rise with the occurrence of major sporting events.
The larger time dimension of the data relative to the cross-section element raises concerns about serial correlation problems and the precision of the estimated standard errors. To test for this, we re-estimate the equations of Table 3 with common first-order regression in the residuals. Table 4 shows the results are unaltered except for the significance of the measure of ethnicity in the case of random effects estimation. ** significant at the 1 per cent. * significant at the 5 per cent.
Conclusion
We have examined the properties of violence-related injury data from NHS sources and developed an econometric model of the determination of violence-related injuries.
The model was constructed from a general framework that incorporated socioeconomic, and environmental factors. There is strong evidence that the rate of violence-related injury is inversely related to economic activity and wealth measured either by real house prices (inverse of poverty) or unemployment (proxy for real income). A consistent finding was that the real price of beer exerted a negative influence on violence-related injury. Areas of high ethnic density are positively associated with violence related injury. There is a clear seasonal pattern to the data showing that violence related injuries were higher in Summer. The study also shows that major sports events, which engage the national population, produce a significant increase in assault-related injury
Although the association between alcohol consumption and violence is well established, the causative route remains ambiguous. However, this study provides convincing evidence that violence-related harm is causally linked to alcohol price.
The relationship between the price of beer (acting as a proxy for alcohol prices) is a novel finding. The data we have used represents an alternative source to official survey data and at the aggregate level conforms to conventional findings on violent crime. Further research will examine disaggregated data and focus on injuries to specific gender and age groups. Injuries to women and young children are also the result of domestic violence, which may require a separate analysis. While these data do not have the richness of detail given in the BCS and RCS data sets, they have the advantages of availability at a community level and relative high frequency. It therefore provides an alternative data source for the analysis of trends and seasonality in violence. On the basis of this study, ED data provide an objective complementary measure of community violence and can be aggregated to measure regional and economy-wide violence related harm.
The study shows that a one percent rise in the real price of alcohol would equate to an economy wide reduction in ED assault cases of 5000 per year: a substantial reduction in harm and utilisation of health resource.
are the TB rate, industrial production and bank and building society credit.
Data Appendix Independent Variables
Price of beer -Monthly figures for the price of beer is available from the Office for National Statistics (ONS) as input into the Retail Price Index (RPI). These are available on an UK-wide basis only. However, the Campaign for Real Ale (CAMRA) collects regional figures of beer. These figures are collected in March of the year, prior to the budget announcement. The figures are simple averages of beer prices per pint and include dates from 1989-2003 for beer for all the economic regions and the UK. The method of constructing monthly figures from an annual survey of a single month estimate is outlined for the case of beer prices.
The UK-wide price of beer (P) is a weighted average of the regional prices (P i ) over the n economic regions (11 including Scotland and Wales).
The CAMRA figures were regressed on the RPI beer prices (P * ) for March of each year data was available. If the true relationships are described by the following set of linear equations, where the εs are stochastic error terms:
The above set of equations can be estimated by a system with the following linear restrictions.
The estimated parameters of α i and β i are used to generate a monthly series of regional beer prices which will mimic the seasonal pattern of the ONS UK-wide data. Table A1 shows the estimates of the parameters comparing freely estimated ordinary least squares estimates with the restricted least squares estimates and Zellner Seemingly Unrelated Regression Estimates (SURE). Table A1 shows the parameter estimates α i and β i and the standard error of the respective regression (S.E.). The real price of beer and lager was obtained by deflating the derived regional series by the Retail Price Index excluding alcohol prices.
Regional House Prices -Monthly estimates of regional house prices were obtained from the Nationwide Building Society website. The real price of housing was obtained by deflating the regional observations by the monthly UK Retail Price Index.
Youth Unemployment Rate -Monthly figures for youth unemployment rate was obtained from the Office for National Statistics
Proportion of regional population of ethnic origin -Annual data of the proportion of the population of ethnic origin by economic region was obtained from current and past issues of Regional Trends Sport Dummy -1 = June 1996, Euro Football Cup, Oct-Nov 1999, World Rugby Cup. Zero otherwise.
